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HEAD UP DISPLAYS 

BACKGROUND OF THE INVENTION 

The present invention relates to a head up display System 
and a method of overlaying a generated image on a Scene. 
A typical prior art head up display comprises an image 

generator arranged to generate an image at an object Surface 
thereof, a combiner arranged to overlay the generated image 
on a Scene Viewed through the combiner and an optical 
System disposed between the image generator and the com 
biner to convey the generated image from the image gen 
erator to the combiner. It will be understood that the image 
formed by the image generator follows an optical path from 
the object Surface, through the optical System, to the com 
biner. 

When Such a head up display is used as a pilot's display 
System in an aircraft cockpit, to accommodate the display 
within the Spatial constraints of the aircraft cockpit, the 
optical path between the object Surface and the combiner is 
usually folded within the optical System in Such a manner 
that the generated image is redirected between the image 
generator and the combiner. In Such a System, the optical 
System may comprise a reflector positioned below the 
combiner, in line with the pilot's ejection plane of the 
cockpit, Such that there is no room available forward of the 
ejection plane to accommodate additional display arrange 
ments Such as a head down display System. 

In International Patent Application Publication WO 
89/12840 there is described a display which uses two spaced 
reflective Surfaces to reflect an image from three positions 
arranged along the two reflective Surfaces to transfer the 
image to the combiner. That is the image is generated at an 
object Surface and is redirected upwardly onto the combiner 
by a lower fully reflective surface and an upper reflective 
Surface having both light transmissive and light reflective 
properties provided by a Semi-silver coating. The two reflec 
tive Surfaces are arranged to face one another and to taper 
towards one another in the direction of propagation off the 
image through the System. In operation, the image from the 
object surface is reflected first at the lower reflective surface 
and then reflected, in part, at the upper reflective Surface 
back to the lower Surface where it is again reflected to the 
upper reflective Surface for transmission therethrough to the 
combiner for reflection to an observer. 

In this manner, a more compact System is constructed 
which has a shallower profile than obtained using a reflector 
which provides a Single reflection. However, the transmis 
Sion efficiency of this System is poor and Susceptible to 
unwanted reflections from various Surfaces within the air 
craft cockpit and the System. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to obviate or 
mitigate the disadvantages associated with the prior art. 

According to a first aspect of the present invention a head 
up display System comprises an image generator arranged to 
generate an image, a combiner, and an optical Sub-System 
disposed between the image generator and the combiner 
having a prism comprising first and Second reflective Sur 
faces and a mirror having a mirror Surface, the prism and the 
mirror being arranged to convey a generated image from the 
image generator to the combiner, wherein the prism is 
arranged to internally reflect a generated image from a first 
portion of the first reflective surface towards a first portion 
of the Second reflective Surface arranged to internally reflect 
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2 
the image through a Second portion of the first reflective 
Surface arranged to allow the image to pass therethrough for 
reflection by the mirror Surface of the mirror that is arranged 
to reflect the image back through the Second portion of the 
first reflective Surface and through a Second portion of the 
Second reflective Surface, arranged to allow the image to 
pass therethrough, to a reflective Surface of the combiner, 
arranged to overlay the image on a Scene Viewed through the 
combiner. 

Preferably, the image follows an optical pathway through 
the System and the prism may taper inwardly in the direction 
of propagation of the image along the optical path way. The 
first and Second reflective Surfaces may be planar. 
The first portion of the second reflective surface may have 

a coating on a Surface of the prism that is otherwise an 
optically transparent material. The coating may be a dielec 
tric coating. 
The optical Sub-System may also comprise a relay lens 

arrangement disposed between the image generator and the 
combiner which is arranged to convey an image generated 
by the image generator to the first portion of the first 
reflective Surface of the optical Sub-System. 

Preferably, the combiner may be a holographic combiner. 
The mirror Surface of the mirror may be substantially flat. 
Alternatively, the mirror surface of the mirror may be 
Spherical. 
A polarising filter may be disposed between the prism and 

the combiner. 

The combiner may be positioned above the optical Sub 
System when the System is mounted in an aircraft cockpit for 
use as a head up display System for a pilot. 

According to a second aspect of the invention a method of 
Overlaying a generated image on a Scene, includes generat 
ing an image, internally reflecting the image from a first 
portion of a first reflective surface towards a first portion of 
a Second reflective Surface, internally reflecting the image 
through a Second portion of the first reflective Surface 
arranged to allow the image to pass therethrough, reflecting 
the image from a mirror Surface back through the Second 
portion of the first reflective Surface and through a Second 
portion of the Second reflective Surface arranged to allow the 
image to pass therethrough to a reflective Surface of a 
combiner, and overlaying the image on a Scene viewed 
through the combiner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described, by way of example 
only, with reference to the accompanying drawing, in which: 

FIG. 1 Schematically illustrates a head up display System 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The inventor has realised that the system described in 
International patent application 89/12840 uses an upper 
reflective Surface which has a Semi-silvered coating that 
results in approximately a 25% transfer efficiency of the 
image through the System. The low efficiency results from a 
50% inefficiency in the reflection from the upper reflective 
surface and a further 50% transmission inefficiency through 
the upper reflective Surface. In addition there is a further 
reflection inefficiency from the lower reflective surface and 
from the combiner used to convey an image to the observer, 
and a transmission inefficiency within any relay optical 
components used to convey the image to the two reflective 
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Surfaces. In practice, the overall efficiency achievable with 
this system is no greater than 20%. The use of a multilayer 
coating in place of the Semi-silver coating on the upper 
reflective surface would improve the efficiency of the 
System, but this would result in reflection and transmission 
conflicts at the upper reflective Surface due to the Similarity 
of the angles required for the reflection and the transmission 
requirement of the upper reflective surface. The use of a 50% 
coating on the upper reflective Surface also has a detrimental 
effect of reflecting back 50% of any light falling on it from 
above. If the Sun is located above the system then the pilot 
would observe strong reflections of light from the Sun. Even 
the use of a polarising filter will not mitigate the reflection 
of light from the Sun to an acceptable level for viewing by 
an observer and the transfer efficiency of the image through 
the polarising filter and upper reflective Surface will be 
reduced by approximately 55%. Therefore, the overall trans 
fer efficiency of the system would be less than 10%. 

Referring to FIG. 1, a head up display system 10, com 
prises an image generator 11 which is Supported and bore 
Sighted within a cockpit of an aircraft, having a canopy 12, 
for use by a pilot of the aircraft. The image generator 11 can 
be a cathode ray tube, a liquid crystal display or other 
suitable display means. The system 10 also includes a 
housing 13 used to Support the image generator 11 and a 
holographic combiner 14 which is upstandingly Supported 
on top of the housing 13 in a rigid frame, not illustrated. 

Within the housing 13 there is an optical sub-system 15 
comprising a relay lens arrangement 16. The relay lens 
arrangement 16 is constituted by a plurality of lens and other 
optical elements which are Supported by the housing 13 at 
angles and with relative axial disposition both to one another 
and in relation to an object Surface 17 of the image generator 
11. The image generator 11 is arranged to generate an image 
at the object Surface 17 and the relay lens arrangement 16 is 
arranged to receive the image, to collimate and to convey the 
image to an exit pupil 18 of the relay lens arrangement 16. 
It will be understood that the image formed at the object 
surface 17 follows an optical path way 19 through the 
system 10 from the object surface 17, through the optical 
Subsystem 15, to the combiner 14. 

The optical sub-system 15 further comprises a prism 20 
and a mirror 21 arranged along the optical path way 19, 
between the relay lens arrangement 16 and the combiner 14. 
The prism 20 and mirror 21 are located within and mounted 
to the housing 13 and serve to fold the optical path way 19 
from a generally horizontal direction to a generally vertical 
direction, and hence to direct the image from the exit pupil 
18 of the relay lens arrangement 16 upwardly to the com 
biner 14. 

The combiner 14 has a holographic reflection lens coating 
at the interface 22 between two glass or plastic material 
elements 23 and 24, providing flat and Substantially parallel 
fore and aft Surfaces 25, 26 respectively, one on each of the 
elements 23 and 24. As the combiner 14 is holographic, the 
coating at the interface 22 is tuned both to the wavelength 
and for the angle of incidence of the image at each point of 
its Surface. Accordingly, the image generator 11 can be 
arranged to generate a narrow wavelength band of light and 
the combiner 14 can be tuned to reflect light within the 
wavelength band received at a given angle of incidence. 

The holographic reflection lens coating at the interface 22 
of the combiner 14 is constructed using aberrated wave 
fronts So that it acts to balance those aberrations within the 
image generated by the optical Sub-System 15. As a result a 
clear visual image corresponding to that generated at the 
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4 
object Surface 17 of the image generator 11 can be viewed 
at infinity when looking through the combiner 14, Superim 
posed on a scene viewed through the combiner 14. It will be 
understood that an eye 27 of the pilot views a scene 28, in 
this case represented by an arrow, forward of the aircraft and 
through both the combiner 14 and the canopy 12 of the 
cockpit. 
The prism 20 comprises an optically transparent material 

formed from a glass or plastics material having first and 
second reflective surfaces, 29 and 30 respectively. The first 
reflective surface 29 comprises first and second portions, 31 
and 32 respectively. The first portion 31 is arranged to totally 
internally reflect the image within the prism 20 and the 
Second portion 32 is arranged to allow the image to pass 
therethrough. That is the image passes through the first 
reflective surface 29 at second portion 32. The second 
reflective surface 30 comprises first and second portions, 33 
and 34. The first portion 33 is arranged to totally internally 
reflect the image within the prism 20 and the Second portion 
34 is arranged to allow the image to pass therethrough. That 
is the image passes through the Second reflective Surface 30 
at second portion 34 which forms an exit aperture 35 of the 
prism 20. 
The first and second reflective Surfaces 29 and 30 are 

Substantially co-planar and define a narrowing taper in the 
direction of propagation of the image through the System 10 
along optical pathway 19 from the exit pupil 18 of the relay 
lens arrangement 16. The prism 20 is located with the second 
reflective surface 30 upmost and a forward edge 36 in the 
direction of viewing by the eye 27 of the pilot along a 
viewing path way 37. The prism 20 is also positioned below 
and immediately adjacent to the combiner 14. The first 
reflective surface 29 consequentially lies below the second 
reflective Surface 30. 

The mirror 21 is located below the prism 20, that is below 
the second portion 32 of the first reflective surface 29, and 
comprises a mirror surface 38 which is substantially 
co-planar with the first and second reflective surfaces 29 and 
30. The mirror surface can be flat or spherical with optical 
power So as to present a larger field of View to the eye 27 of 
the pilot with less or no head movement on the part of the 
pilot. 

In operation, the image generator 11 produces an image at 
its object surface 17, which is conveyed by the relay lens 
arrangement 16 to its exit pupil 18 along the optical path 
way 19. The image then enters the prism 20 and is totally 
internally reflected from the first portion 31 of the first 
reflective surface 29 towards the first portion 33 of the 
second reflective surface 30 where it totally internally 
reflected through the second portion 32 of the first reflective 
Surface 29 which is arranged to allow the image to pass 
therethrough. The image is then reflected by the mirror 
surface 38 of the mirror 21 which is arranged to reflect the 
image back through the Second portion 32 of the first 
reflective surface 29 and through the second portion 34 of 
the second reflective surface 30 which is also arranged to 
allow the image to pass therethrough. That is the image 
leaves the prism 20 through its exit aperture 35. The image 
then falls on to the interface 22 of the combiner 14 which is 
arranged to overlay the image on the Scene 28 viewed by the 
eye 27 of the pilot through the combiner 14 along the 
viewing path way 36. In this manner the pilot observes the 
image at infinity overlaid on the Scene 28 viewed through the 
combiner 14. 

It will be observed that, by virtue of the geometry of the 
prism 20, a space is provided below the prism 20 for the 



US 6,392,812 B1 
S 

accommodation of a Secondary head down display 39 at an 
ergonomically desirable position, with the entire display 
arrangements, that is the system 10 and the display 39, 
accommodated forward of the pilot's ejection plane 40. 

It will be appreciated that in view of the limited space in 
an aircraft cockpit, more particularly a combat aircraft 
cockpit, the provision of a head up display System 10 which 
allows an additional head down display 39 to be placed in 
Such an ergonomically desirable position is of great value. 

The head down display 39 can be a liquid crystal display 
with asSociated electronic driving unit and cooling System. 
Alternatively, the head down display 39 could be another 
form of display, Such as a cathode ray tube. 

It will be understood that whilst the system 10 is primarily 
intended for use as a pilot's display System in an aircraft 
cockpit, it can never-the-leSS find applications in other 
environments where an additional display 39 is required, for 
example in a train. 

This system 10 provides a good transmission efficiency of 
the image and is leSS Susceptible to Stray reflections within 
the aircraft cockpit and the system 10. That is the prism 20 
provides greater than 90% efficiency as total internal reflec 
tion is use to transmit the image through the prism 20 whist 
the overall system 10 provides greater than 60% efficiency. 
A dielectric coating 41 can be applied to the first portion 

33 of the second reflective Surface 30 So as to extend the 
angle range of reflection of the image from its Surface and 
to ensure that Substantially all of the image is totally 
internally reflected within the prism 20. Furthermore, the 
angle at which the second reflective surface 30 of the prism 
20 reflects the light from the Sun is increased and more of the 
light from the Sun incident on the Second reflective Surface 
30 is transmitted into the system 10 rather than into the eye 
27 of the pilot. The inclusion of a polarising filter 42 
between the prism 20 and the combiner 14 further reduces 
the light from the Sun being reflected by the system 10 to the 
eye 27 of the pilot to an acceptable level. 
What is claimed is: 
1. A head up display System, comprising 
an image generator arranged to generate an image, 
a combiner, and 
an optical Sub-System disposed between the image gen 

erator and the combiner having a prism comprising first 
and Second reflective Surfaces and a mirror having a 
mirror Surface, the prism and the mirror being arranged 
to convey a generated image from the image generator 
to the combiner, 

wherein the prism is arranged to internally reflect a 
generated image from a first portion of the first reflec 
tive Surface towards a first portion of the Second 
reflective Surface arranged to internally reflect the 
image through a Second portion of the first reflective 
Surface arranged to allow the image to pass there 
through for reflection by the mirror Surface of the 
mirror that is arranged to reflect the image back through 
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the second portion of the first reflective surface and 
through a Second portion of the Second reflective 
Surface, arranged to allow the image to pass 
therethrough, to a reflective Surface of the combiner, 
arranged to overlay the image on a Scene Viewed 
through the combiner. 

2. A head up display System, as in claim 1, wherein the 
image follows an optical path way through the System and 
the prism tapers inwardly in the direction of propagation of 
the image along the optical path way. 

3. A head up display System, as in claim 1, wherein the 
first and Second reflective Surfaces are planar. 

4. A head up display System, as in claim 1, wherein the 
first portion of the Second reflective Surface has a coating on 
a Surface of the prism that is otherwise an optically trans 
parent material. 

5. A head up display System, as in claim 4, wherein the 
coating is a dielectric coating. 

6. A head up display System, as in claim 1, wherein the 
optical Sub-System also comprises a relay lens arrangement 
disposed between the image generator and the combiner 
which is arranged to convey an image generated by the 
image generator to the first portion of the first reflective 
Surface of the optical Sub-System. 

7. A head up display System, as in claim 1, wherein the 
combiner is a holographic combiner. 

8. A head up display System, as in claim 1, wherein the 
mirror surface of the mirror is substantially flat. 

9. A head up display System, as in claim 1, wherein the 
mirror Surface of the mirror is spherical. 

10. A head up display System, as in claim 1, wherein a 
polarising filter is disposed between the prism and the 
combiner. 

11. A head up display System, as in claim 1, in an aircraft 
cockpit for use as a head up display System for a pilot, 
wherein the combiner is positioned above the optical Sub 
System. 

12. A method of overlaying a generated image on a Scene, 
including 

generating an image, 
internally reflecting the image from a first portion of a first 

reflective Surface towards 

a first portion of a Second reflective Surface, 
internally reflecting the image through a Second portion of 

the first reflective Surface arranged to allow the image 
to pass therethrough, 

reflecting the image from a mirror Surface back through 
the second portion of the first reflective surface and 
through a Second portion of the Second reflective Sur 
face arranged to allow the image to pass therethrough 
to a reflective Surface of a combiner, and 

overlaying the image on a Scene Viewed through the 
combiner. 


